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AN OVERVIEW OF THE SOVIET EFFORT
IN UNDERGROUND GASIFICATION OF COAL

Abstract

We review underground coal gasifi-
cation as developed in the USSR since
1928,

illustrations, reviewlny the Soviet

We present most of the data as

coal pasification power stations, the
problems encountered in speclfic types
of coal areas, and the methods used

to surmount thesc problems.

Introduction

This paper contalns the flgures and
assoclated comments f[rom a talk on the
Soviet offort in mwnderpground coal
pasifleation presented at the 1975
Gordon Research Confercnee on Flulds
in Permeahle Media, August 11-15,
1975,

tion of the gasification statlons,

The material covers the loca-

the geological nature of the coal,
the underground deslgn of the pasifi-
catlon systems, performance data, and
an attempt to explain why particular
deslgn choilces were madec.

Upon embarking on this review of
the Soviet work 1n underground gas:l-
fication of coal it very quilckly
became clear to us that the amount of
cf Fort expended by the Soviets far
excecds the summation of cfforts by
other natlons. Tho Soviet declslon
to pursue underground gasification of

coal was made in 1928, and the first

-1

field cxperiments were performed in
1933.2’3

to the present, with varying lcvels

Their work has continued up

of efFort that appearcd to peak in
the late 1960's.

ReE. 4 indlecates that there wore as

The information in

many as 3000 pcople working In the
cffort in 1963.
effort might have more than doubled
by the late 1960's, and then fallen
off dramatically by the early 1970's.

1t appears that the

The reduction In effort was prob—
ably due to thelr discovery of large
resources of natural gas, and the
construction of the necessary pipe-
lines for lts distribution. A crude
economle cestimate, taking into con-
gideration the numerous commcrclal
plants they constructed and operated
ag well as the number of people
involved over the past 47 years,

indicates that 1t might take as much



as 10 billion 1976 dollars to repro-
duce thelr work.

Because only the Soviets have
operated numerous commercial coal
paslfication power plants over long
periods of time, 1t is important to
understand not only what their final
process designa looked like, but also
why they settled on such deslgns. Tt
1s easy to concelve of numerous
degigns for the underground gasiflca-
tion of coal that address one partic-
ular problem or another, bul in the
operatlon of a successFul commercial
process 1t 1s obvious that all the
problems chat nature is golng to
sencrate have to be dealt with simul-
tancously in a satisfactory and har-
monious manncr. Only the Sovicts
have demonstrated that they have a
sydtem desilgn that can be operated
repeatedly in a predictable manner
and can be transferred from onc area
to another where there are large dif-
ferences In the goological nature of
the coal seams.

The purpose of underground gasifi-
catlon of coal [8 to convert coal
Into a combustible pas by carrying
out the appropriate chemlcal process
uinderground, The Soviets saw this as
A possible means of recovering the
heating value of the coal wlthout
having to ecmploy men in the dangerous
and unhealthy job of underground
wining. Alr, and sometimes oxygen-

enriched air, is used to partially

combust the coal to produce a com—
bustible gas. The essentlal cqua-
tlons describing the process are as

follows:

Coal + hecat -= char (carbon) + Cll4
+ U, + tars + C0, + CO + ote.

2
(pyrolysis), (1)
Char + 0, - CO + €0, + energy, (2)
Char + HZO--CO + H2 ~ onergy. (3

It is important to add water to use
the excess cnergy released via Eq. (2)
to produce a combustible product via
Eq. (3).

found that generally the amount of

In practice, the Soviets

water intruding 1nte the gasiFlcation
zone naturally was morc than suffil-
cicnt: for air pasification; therefore
no attempt was made to add water to
the injected gas.

ln this paper we discuss the loca-
tion of the Sovict gasification sta-
tlons, the geological conditions at
the sites, the basic process designs
and thelr operating parameters, and
the rcasons why certaln eritiecal
The bulk of the

discussion 1s In the form of 1llustra-

cholces were made.

tions (Figs. 1-42) and their captions
In the section Soviet Methode of
In

the scction Conciusions we briefly

Undergrowd Coal Gaeifieation.

discuss the state-of-theo—art in coal
gasilication as recached in the Soviet
effort.




Conclusions

The Soviet underground coal gasi-~
fication systems for horizontal and
steeply dipping beds,.which are
egsentially the same basilc design at
different anples to the surface, arc
deceptively simple. However, it has

been demeonstrated repeatedly that

they can be made to operate success-
fully in an extremely complex environ-
ment:, a burning coal scam with a
subslding roof. The basic system
design can also be trangferred from
one coal secam to another with reason-
ably predlictable results, in spite of
the wide variations in the geological
conditions that exist hetwecen coal
seams. 1L 1s therefore uscful to
understand the design In terms of how
it handlez a number of easlly recog-
nlzed physlcal phenomena that must be
dealt with in any desipgn for the

underground gasiFication of coal.

Gas_Leoakage — One design require-
ment of an underground coal gasifica-
tion process is the ability to mini-
mize the loss of both the injected
blast and the product pas, which can
leak through cracks to the surface or
other surromding formatlons. This
can be a strong cffect since gas
losses increasc wlth the square of
the pressurc. Tt 1s clear that main-
taining a gas~tight zone 1s a formld-

able task since as coal is removed,
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the roof must eventually subsilde,
especlinlly for the case where a high
fraction of the coal s recovercd
over a large area. Such subsidence
forms very permeable cracks to higher
formations — sometimes all the way to
the surface, which allows gas t:0o leak
away from the process zone.

Sinco the extent of these leakage
cracks is unpredictable as the com-
bustlon zonc moves across a coal seam,
it 1s important to design the sysicom
so that 1t has minimum sensitivity to
such leaks. The only way this can be
done 1s to operatc the systom at the
lowest possible pressure and make
certaln that the permeability in the
coal between the injection and exhaust
holes 1s always much higher than the
permeablility through subsidence iIn
the area between the reaction zone
and the surfacc. The Sovleks accom-
plished this by establishing highly
permeable paths in the coal (linking)
betwecen the Iinjection and exhaust
holes before gasification and then
operating at the lowest prossure con-—
sistent with production requiroments.
They alsc helped seal the eracks at
the surface by bulldozilng them full

of mud.

lligh Gas Flow Ratc at Low Pres-

sure — A high gas [low rate 1s ncces~

sary to compensaic for the water



Intruslon rate as well as to maximlzc
the chamel wldth and thus resource
recovery for a line of drilled holes.
1t is also dmportant to achieving

an economically high productlon

rate. Thls requlrement Is tightly
coupled to the gas lcakage problem
discussed above. (Increcasced flow
rates requlre increcased pressure
drops.) The high gas flow rates can
be maintained with minimum leakage
only i1f the permeabllity betwecn the
injection and productlon holoes cxecceds
some minimum value. The Soviets
renerally used gas flow rates of 3,000
to 10,000 m-/hr with driving pressures
that did not excced approxlmately

2.5 atm,

An advantage ol these low operatling
pressurcs was the possibility of uslng
high~capacity, relatively iInexpensive
blowers to supply the air. lowevwver,
this advantage is not important when
using oxygen/steam lor Lhe gasifica-

tion.

Dircctional. Control of Gas TFlow —
Directional control of gas lNlow 1s
essentlal for a reproducible systom.
1t 43 only by establlshing flow con-
trol, and the consequent reproducibil-
ity, that we can begln Lo engineer a
syatem which maximizes resource
recovery or oplbimizes the cconomics.
{Thase criteria may not lead Lo the
same system.) This requires a means

of establlshlng control which 1s

insonsitive to variations In geology
or coal type.

The Soviets achleved directlonal
control uslng hlighly permeable linkage
paths (with predetermined spacing) at
the bottom of the coal seams. These
paths make the process insenslitive to
varlat:lons 1In the natural coal perme--
abllity and thus cenable us to design
a4 predictable system, after obtaining
Inltlal scaling data., The directional
control of the pas flow also insures
that the gas will flow to the exhaust
pipe Instead of spreading uncontrol-

lably throughout the formation.

Illgh Surlace Area Reactor with

Hiph Permeabllity — High permeabilicy

is needed for the reasvns statced above.
The high surface arca, whilch [nfers a
zone of rubble without bypass channels,
ia alwout always ncoded for any eflli-
clent gas-solid reaction. In such
reactions, the reaction rate is limlted
by the surface arca of the solld, slnce
thls is wherc the initial reactlons
must take placc. ln the Soviet system
for horizontal coal scams the flame
front undercuts the coal, whilch then
falls into the void to form rubble.

The system for stecply dlpplug beds
forms rubblce by causing coal to fall
intn the void crcated at the bottom,
where conbustion is initiated. 1t is
also expccted that rthe reaction rate

is enhanced uat the coal surfaces in

the upstream region of tlhe channel,




where the channel width is many tlmes
the thickness of the coal seam, by

thermal spalling of the coal face.

Liquid Control — One of the primary
efFocts that liquids (water and pyrol-
ysls tars) can have on the propagation
of the flame front in a horizontal
scam 1s Lo cause the flame front to
move preferentinlly along the top of
the coal seam. This occurs because
1iquids, being much more densc than
the gases, migrate to the bottom of
the scam. The gas flow, and thus the
flame front, will then traverse the

top of thec seam.

A difficulty thus ariscs, Unce

a channol is formed across the top

of the seam, the ceoal ash tends

to scal the bottom of the channel
preventing Further combustion of coal
md resulting In very poor resource
uge, The Sovict process minimlzes
this coffect by inttially forming the
channel at the bottom of the scam in
the preparatory linking step, The
channels are kopt quite hot all during
the process so that any liquids that
intrude into the region, as well as
llqulids formed by pyrolysls, arec

This keeps

the channels clecar to gas flow.

carried out as vapors.

Bringing all the llqulds off as
vapors also allows us to rocover the
coal tars, which have economic value

as liquids.

Minimized Contaminatlon of the

Aqulfer with Phenols — The mechanlism

for total llquid removal described
above also insures thc removal of
phenols formed In the pyrnlysis of
the coal. They are roemoved cffi-
clently as vapors, never being
allowed to condense, with the effi-
ciency of the removal being cnhanced
by a "stecam flush" created by
intruding water intersecting the

hot channcl. They are thus not left
behind to contaminate the underground

water supply.

Maximized Survival and Spacing of

Access Pipes — A principal portion of

the cost of carrylng oul underground
coal gasification 18 assoclated wlth
the access plpes. It ls thus impor-
tant to maximize the probability of
the survival of the piping and the
removal for reusc of the casing during
the proceas, It 1s also important to
maximize the coal removed pexr hole,
which dictates the tradeoff between
fractional resource recovery and hole
gpacing.

The Soviet deslgns place the
access holes 8o that they are removed
from the subsldIng zone until they
This both

maximizes the probabillty of thedr

are no longer needed,

survival and also makes It possible
to pull the casing and reuse iE.
Lt also aliminates the nced to

desipgn heavy access plpes that will



survive the carth motion associatrod
with subsidence. The Sovicts also
improve the survival of the casing
In the exhaust holes by coollng the
exhaust gases with a water spray,
taking care not to cool it so low
that liquids condense. This reduces
pipe corrosion and thus extends

plpe life,

It 1s hard to prove that the pipe
spacilng was maximlized In terms of any
other possible system. However, there
were certaln features incorporated
that arc esgentlal for a large pipe
spacing:

® The highly permeable channcl

between the injecction and
exhaust holes ls essentlal iF
one 13 to have a large pipe
spacing while retaining high
gae [low rates at low pressure
drops.

® The reproducibility of the

systom allows us to optimize

the pipe spacing.

A System that is Adaptable to Thick

or Thin Seams — The Soviects have found

no maximum limit in thickness of coal
seams for thelr processes. Thoy have
operated I1n seams up to 65 ft thick
with no indicatlon that they are
approaching a limit. (There are very
few coal seams in thls country over
100 rt thick.)

However, the Soviets did find that

there was a limlt on how thin a seam

could be.
below 3 to 4 Ft, the heating valuc of
As the

Il the seam thicknesgs fell

the gas became unusably low.
conl seam gets very thin, the fraction
of the heating valuc of the coal that

goes into heating the surroundilng rock

Tnecreases to a prohibitive level.

No Men Underground -- The Soviet

deslgn requires no men underground,
which ls not true of the British
design or nf carller Soviet designs.
it 18 an extremely lmportant feature
sinec once gaalficatlion is inltiated,
1t 18 almost 1mpossible to guarantee
that the toxic product pases would

not leak into nearby mine workings.

A System that Can Be Applied to

Multiple Laycrod Coal Seams — The

Soviets have been able to sequentially
gasify multiple layers of coal start-
ing with the top seam and working

down.

A Continuous System as well as an

Intermediate Load Systom — The Soviet

syatem sweeps continuously across a
coal seam, and thereforc has a pre-
dictable electricity base load.
There 1s also a need for elactricity
on an Intermittent basls to supply
peak loads. The Soviet. system has
shown, under some circumstances, Ltho
capabllity of belng turned on and off
in time perlods of a few hours, which
might make 1t useful for supplying

intermitient loads.




Constant Gas Composition vs Time —

The design of the Soviet system makes
it possible to maintain a product gas
composiltion that 1s qulite constant In
its heating value. This requlres one
additlonal control: the [low rate i1u
varied to "fine tune" the heating

value.

Reproducibility, -Predietability,

and Contxol — The performance of the
process design is reproducilble and
predictable within reasonable limits
from one generator to another, within
the same coal scam as well as whon
transforred from onc coal-bearing
areca to another. Tt has heen possible
to make it operate in widely varying
coal types: lignite, subbituminous,
and bituminous., It has also been
demonstrated to have adequate controls
to achieve a constant gas quality and
a high resource rccovery; 75% or more
of the coal is consumed with recovery
of hetween 50 and 707 of the heating

value of the consumed coal.

Minimum Scnsitivity to Coal

Swelling -- The large-dimenslon chan-

nels formed in the linking phase are
not llkely to be plugged by moderately

swelling coals.

Minimum Sensitlvity to Flame Front

Channcling — The Sovict system makes
no attempt to avold the natural ten-—
doney of flame front channeling; in
fact, it encourages it. However, the
gas quallty is insensitive to such
channeling becausc the channels
through the coal seam are made very

long.5

Simplicity of System Design and

Operation — The Soviet design is
exceptionally simple (deceptively so),
as 1s its operatlion. It lnvolves only
the technology of drilling a simple
patterﬁ of holes (although slant
drilling 18 not always easy) and

The end

result i1s that it 1s insensitive to

handling compressed air,

the many uncontrollable physical
phenomena that operate in the process.
Such simpllcity and insensiltivity
make the process technically possilble.
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Fig. 1. Map of USSR showing underground coal gasificatlon sites. This map,
taken from Ref, 6, shows the Tashkent coalfield as bituminous; 1t iIs
our beliaef, however, that the Angrenskaya underground gaaglfication
station associated with the field uses brown coal.’*?’ 7 It is our
understanding that threc gasification stations, Podmoskovia (at
Lula), Yugzhno-Abinsk, and Angren, are still operational, but not
necegsarily on a continuous basis,



Donbass (Donets Basin)

Shakhta (Anthracite 1933)
Lisichansk (Oldest pit 1933)
Gorlovka (Experimental 1935)
Kamensk (Under construction 1960)

Lisichansk

Coal characteristics
1, Bituminous (6-16% ash, 25-35% volatiles, ~15%H,0, l—5%sulfur)]0'
2. Steeply dipping (20-60°)'0,
3. Thin sec:ms10 (0.4-1.5 m) as deep as 400 m.
4. 4500-5000 keal/kg (8000-9000 Btu/1b) coal in the seam! 0

Gasification characteristics
1. 800-1000 keal/m® (90-112 Btu/scf)' 0,
2. 1.5x 108 m¥/yr (1.5x10° Bru/day) in 195910,

Economics
1. 55 rpls/1000 mS (1. 56 rpls/1000 scf) in 1959'°,

Kuzbass (Kuznets Basin)

Lenin pit (1933)
Y uzhno~Abinsk (Podzemgaz station 1955)
Stalinsk (Under construction 1960)

Yuzhno~Abinsk

Coal characteristics
1. Bituminous (4-10%ash, 20~30% volatiles, 5-8% |-|201°.
2. Steeply dipping (55-70°)',
3. 23 seams 2-9 m thick ',
4. 5000-6000 keal/kg (2,000-10, 800 Btu/Ib) coal in the seam' °

Gasification characteristics
1. 1000 keal/m> (112 Btw/scf)'C,
2. 3.9x 108 m3/yr (4.1 x 10° Btu/day) In 1965

Economics
1. 29.5 rpls/ 1000 m° (0.8 rpls/1000 scf) In first quarter of 195910,

Fig. 2. Data on Lisichansk and Yuzhno-Abinsk. The important points here are
that both areas have steeply dipping beds and bhitumlnous coal, but
Jdslchansk has much thimmer seams than Yuzhno-Abhinsk.?*1?
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Tula

Il

3.

N

4,
2.

Podmoskovnyi (Moscow Basin)

Krutova mine (First primitive trials 1932)
Podmoskovia station (At Tula, experimental 1940)
Shatskaya (1960)

Coal characteristics

Lignite (Hard brown coal, 27-60%ash, 17-27% volatile, 20-30%H,0)'C.
Horizontal.,

Roof is loam=-sand~loam (plastic), descends uniformly and compacts bedm.
2-4 m thick, 40-60 m deep]z.

2000-5000 kcal/kg (3600-9000 Btu/Ib) for dry coallo.

Gasification
1.
2'

700900 keal/m® (79101 Btu/scf)'©,
4,6 % 108 m3_/yr.

Economics

1.

36.3 rpls/1000 m° (1 rpl/1000 scf) in 195919,

Angren

(J'I:LWM

Angren (Near Tashkent, , 1962)

Coal characteristics
1.

Lignite (hard brown coal, 11%ash, 25-30% volatile, 30%H
1% sulfur)lo.

Horizontal (5-15° dip)lo.

Roof s heavy, gas-impermeable layer of kaolin4.

4-24 m thick, 110-250 m deep".

3650 keal/kg (6600 Btu/Ib)'°,

90:

Gasification
1. 800-850 kcal/m® (90-96 Bru/scf) 'S,
2. 1.4x%10° m3/yr (12,6 x 10° Bru/day) tn 1965'3,

3

Economics

1. 16 rpls/1000 m° (0.5 rpls/1000 scf) in 1965,

13

¥lg. 3.

Data on Podmoskovlia and Angren. The important points here are that
both areas have horizontal beds and lignite coal (brown coal), but
Podmoskovia has much thinner coal seams than Angren,“?527010»12,13
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Pig. 4.

. Coal { Argillisuu shaln i Cumestuno

o1y Aronuzemis shale
“1 Arenaceous Arylllaracus ska™ EZ] Rendseonn
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155 1 Brown ranstre E™™ ] Linmstone

Goologleal cross sectlons of the coal flelds at (a) Lisichansk,

(b) Yuzhno-Abinsk, and (e¢) Podmoskovia. We were unable to locate
such a cross section for Angren. WHowever, the figurc does illustrate
the varlation in geological conditions addressed by the Soviets.}




LISICHANSKAYA PODZEMGAZ STATION
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PODMOSKOVNAYA PODZEMGAZ STATION

Flg. 5. General views of the gaslfication statlons at Lisichansk and
Podmoskovia. The purposc of thesa photographa ls to illustrate the
slze of the stations, which reflects the sizc of the Soviet effort, 10
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Injection
Alluvium-—-.\\.L ‘k\

]"ig- 6 .

Gas removal

Ash and rubble

Coal scam ~Gasification region

The Stream Method For gasifying coal in steeply dipping coal beds.
This was the [lrst design rthat rhe Soviets felt had promise.lh They
tried many schemes in the first few years of thelr [lcld effort wlth
the intent of transferring surface pasification technology under-
ground.'! The first attompts involved men underground, using
explosive Fracturing (thce Chamber Method),!® and excavating or drill-
ing holes from one drift to another (the Borehole-Producer Method).
Poor economlcs and unstable operation led to the abandonment of
thase methods. The Strecam Method was first tested at Lisichansk iIn
19352 in the deslgn shown here. The Injection and exhaust holes
were drilled along the coal seam and were comnccted at the bottom by
a mined shaft. The flame was iInltlated in the connccting channel
and gradually spread over the entire length. The flow had to he
reversed poriodically in order to approximate a “horizontal" burn
front that moved up the scam. The key feature of this system was
that as the coal was consumed, more coal would fall into the void
that was created. Thus the coal automatically became rubble and was
Fed into the combusilon #one. This sclf-forming rubble feature was
retained in all further design improvements for both steeply dipping
and horizontal coal beds. It might even be considered as a [unda-
mental desipgn requirement for any underground coal gasificatilon
gystem,

-15=




/- Injection

=1

Gas removal

%— Injection

Gas removal

/- Injection

- |

(o) Water ®)

Typlcal scheme of an underground gas pencrator for steeply dilpping
coal beds, (a) Plan view. (b) Ind view. It is our Interpretation
that there werc two major problems witl the Strcam Method presented
in Fig. 6 which were resolved in later desisgms by the modificatlons
presented hore., There was a tondency for oxygen {(air) to leak
through the coal between the two access holes, above the reglon
where combustion was takling place. This would elther consume part

of the product gas, or would introduce into the gas a hazardous level
of oxygen. Also, there was a tendency for the combustion [ront to
channel over the top of coal, resulting in reduced resource reecovery
and irratic gas quality. In steeply dipping beds these problems were
resolved by drilling and casing the alr Injectilon holes through the
overburden. Jn this manner the Injection holes were isolated Ifrom
the cxhaust holes. Also, the probability of the flame front chan-
neling over sections of coal was minimized by Fixing the injection
polnt at the bottom. TF the coal seam was thicker than approximately
8 m, 1t was necessary to drill the injectlon holes at a slant "under"
the scam so that the pipes would not be sheared off by subsaildence.
However, when these cxpenslive slant holes were used, vertieal holes
warc usually drilled to help in cstablishing the inltilal bottom
manifold, by hydraullc fracturing or reverse combustlon. The verti-
cal holes were also used In the first stages of gasification, (All
mining was climlnated for humanitarlan and econumle reasons, !1°15)
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Direction of motion of the gas phase, £ -m
Tig. 8. Change In pressurc, P, of the gas phase along the channel length, 7,

of gas penerator No. 1 of Yuzlino-Abinskaya station. The valuca 2500,
3000, and 5300 m3/hr are injectlon rates of the blast. This filgure
jillustrates that most of the pressure drop was often observed to

occur in the lower regions, near the injection point in the reglon

of the flame front., There arc a number of contributing factors

that would causec this. Two important ones are the following. (1)
'here 1s a gas cxpansion at the flame front due to bhoth the inercase
In temperature and the increase in molar quantity. (2) The subsiding
roof could have a low permcability and thus restrict the gas [low.

Lf the second phenomenon was an important contributor. It could not
only cause a problem by restricting flow in a one-dimensional sense,
but il could also cause severe two—dimensional flow distortion
problems. This two-dimenslonal redirection of flow over a long
distance up the scam would eventually cause the loss of too much
control over the dircetion of the gas Tlow, resulting in poor reaource
For thesc rcasons an additional modification was introduced,

reCOVCTrY.,
910

as shown in Tig.
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First-stage injection holes
Second=-stage injection holes
Gas removal holes \
/7“*q7 7z

LinkagLes effected with
igh pressure air !

Fig. 9. Preparation of stceply sloping seam at Yushno-Abinsk. The Sovlets
drilled a number of air injection holes spaced along a gas production
hole to ovorcome the high flow resistance and flow distribution
problems assoclated with roof collapse.®

-18-




Gas removal

Clay blanket bulldozed No. 2 air injection

into subsidence area to

No. 1 air injection
lessen gas leakage

Strata cracking
and subsiding

Void
Reaction zone No. 2 air injection for second
/ N« phase of gasification
&'j (recently brought into
“'%  useas illustrated)

Strata subsiding
into burnt out area

- No. 1 air injection used for

Original end of first phase of gasification

gasification bore hole

— Ash and clinker in burnt
out area obstructing
passage of air from No, 1
alr inlet

¥ig. 10. Usc of two air injection holes :in a steeply sloping scam. The
Sovicts commonly encountered severe gas leakape to the surface
through cracks crcated by subsldence. Thls figure shows part of the
solution employed to solve this problem, which was to bulldoxc clay
into the cracks that reached the surface.” In addition, the system
was operated at the lowest possible pressure consistent with required
production flow ratecs (injection pressure about 3 atm).l?
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Second=stage air injection holes
Gas removal holes drilled in footwall

drilled in seam clear of subsidence

Vertical first-stage
air injection holes

Directed drill holes
to form

linkage path

Fig. 11. Alternative layout using dlrected drlillholes for linkage. The
Soviets often formed the bottom manifold betwcen gas injection and
production holes uslng dircetlonal drilling. Thls scheme for stecply
dipping beds was Flrst developed at Ligichansk in 1955,5211»18
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Blast=injection Gas removal

holes holes Inclined~horizontal
linking holes

— Connecting channei

Fig, 12. Onc of the schemes of cquipping an industrial-type gas generator in
a sulte of steeply dipping coal scams. This [lgure presents a
plctorial view of a Sovlet proposal for gasifying several steeply
dipping coal scams simultaneously using a common set of gas Injectlon
pipes. It is nol clear that this was ever implemented. The opera-
ting sequence conalsts of firat Igniting at the intersection of the
bottom row of blast injectlion® holes and the coal scam farthest from
where the blast pipes emerge from the surface. This coal seam is
processed untll the flame front reaches the next highest row of blast
injection holes, at which polnt the next higher row of hlast holes
is used to supply blast to the seam. At the same time the bottom
blast holes are plugged between this flrst coal seam and the next
onc to be gaslfied, which is one step closer to where the blast
injection holos intersect the surface. These bottom injection holes
are then explosively opencd to the sccond seam, and gasiflecation of
that seam is inltlated. Thls sequence can be continued in an obvious
manner until all the eoal scams Intersected by the blast injeectilon
holes arc gusified.1

%

Blast injcction 18 used here as it appears in the Soviet literature. It
refers to the process of injecting oxygen-bearing gas {usually alr) into the
combusatlon region.
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Moisture content of the gas as a function of the pasification rate

of the coal seam. The operating data that will be presented in tho
following five Flgures were taken at the Yuzhno Abinskaya station.
However, the functional relationships represented in the graphs are
typical of both steeply dipping and horilzontal coal bed gasification.
Note In thils figure that as the gasification rate is Increased, the
molsturc content in the product gas decreascs. This ia to be
expected since the molsture ls primarily due to the underground water
intrusion rate whlch is essentlally constant at any partlcular point.
The balancing of the gasiflcatlon rate against the moisture Intrusion
rate has a slgnificant effect on the heating value of the product
gas, as will be seen in the Following figures,!”
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Fig. 14, Effect of gasification intensity on the calorlific value of the gas

at various water inflow rates into the gasifilcatlon zones. This
figure illustrates the effect of gasification intensity on the
heating valuc of the product gas for various water Inflow rates.

The datn show that the heating value always increased with increased
gaglfication intensity and reduccd water inflow rate. In theory
there 1s actually an optimum water intrusion rate for any glven
blast injection rate. In practice, this was generally unimportant
to the Soviets since they usually had higher water Intrusion rates
than desirable, forcing them to operate on the water~rlch side of
the optimum.”’1
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kffect of scam thickness and the speclflc water inflow into gasifi-
cation zones on the calorific value of gas obtalned by underground
gaslfication. Both water intrusion rate and coal seam thickness can
have a strong effect on the heating valuc of the product gas. The
effect of the water Intrusion rate was discussod earlier, but this
figure also lllustrates the effect of scam thickness. It can be

seen that the heating value of the product gas falls off dramatically
as the coal scam gets thimmer than 1 to 2 m. This 1s due to thinner
soams losing a larger fraction of hecat to the surrounding formation.
The higher hoat losses result in lower flame front temperatures,
which in turn shifts the C0/C09 equilibrium towards the production

of more CO3. The 1- to 2-m limitation 1n coal scam thickness has
very important implications. Most of the coal In the eastern part

of the U.8, lles in seams less than 2 m thick, while most of the coal
in the western U,8. is In thicker seams.
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Fig. 16. Calorific value of the gas as a funetlon of its molsture content.

This flgure shows the heating value of the product gas vs specific
water inflow.!”? 'This figure and the following one should have an
optimum at approximately 0.5 m3/ton of coal gasified.!® (In practilce,
this number varles considerably between coal scams'® and varies
according to whether the water intruslon Ls upstrcam or downstrcam
From the Fire fromt.) The optimum docs not appear in these data
because the Soviets usually operated in a reglion where there was more
water Inflow than deslrable. The roason for the optimum is as fol-
lows. With no water intrusion, a great dcal of the combustion energy
gocs Into heating the nlitrogen in the air blast. %When a little water
ls added, it Increases the heating value of the product gas by con-
verting some of the encrgy in the hot nitrogen into a combustible
product by the cendothermic reactlon: Hp0 + C = CO - H). Ilowever,

a8 more water is added, the cooling effect of the water will eventu--
ally reduce the Flame temperature, which in turn will shift the
C02/C0 distribution towards the production of more COy. This will
clearly reduce the heating value of rthe product gas.
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Fig. 17. Effect of the specific inflow rate of water into the gasification

zones on the chemical composition of gas obtained by underground
coal gasification. It can be seen that the COy fraction increases
both with water inflow rate as well as with decreasing seam thickness.
Both are consistent with a cooler flame front shifting the C0,/CO
equilibrium towards an increase in the CO2 fraction.?
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Hourly Heat content

mean dir of gas

Month — year flow (mg/h) (kcal/m3)
Nov, — 1962 3460 1280
Dec, — 1962 7000 1304
Jan, — 1963 8030 1291
Feb, — 1963 8760 1260
Mar, — 1963 8400 1264
Apr. — 1963 9850 1238
Average 7600 1260

Fig. 18.

Mean air flow and heat content by months for gas generator No. Sa-b.

This table shows the stability of product gas heating value that was

achieved over a 6-mo period. The blast flow rate was used as a means
of controlling the heating value at Yuzhno-Abinsk. >’
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Mg. 19,

Calorific value of the gas Q = 1300, to 1196 kcal.-’ma.
Gas leakage = 10%.
Gas water content = 290 g/ms.
Relative blast intensity = 17 m3/hr - m-2.
1. Heat of combustion of the dry gas = 69,9%,

Heat of combustion of leakage gas = 7, 8%,

Heat content of the gas = 4,2%,

Heat content of leakage gas = 0. 5%,

Heat content of water in the gas = 9.2%,

Heat content of the humidity in gas leakage = 1%,
. Heat content of the ash residue = 0, 1%,

O N OGN

. Losses to the surrounding medium = 7,3%,

9. Heat content of the dry coal
10, Heat content of water in the coal } =0, 1%

11. Heat content of dry air blast
12, Heat content of water introduced = 0, 5%,

Thermal balance of the gaslfication process In gencrator No. 5a-b In
seam IV interlor (9 m thick) at Yuzhno-Abinsk, January 12-31, 1961.
This figure glves a breakdown of where the encrgy in the coal went
for one particular generator. It can be scen that 70% of the heatling
value of the coal was recovered as heating value in the gan.za




Gas composition — mole %

ol 2 1 I ¥ i J
20 25 30 35 40 60
02 content of blast — %
Fig. 20, Change In the gas composition with lncreasing oxygen content of the

blast, on the bhasis of operation of underground gas gencrator Ho. 1
of Gorlovskaya Podzomgaz station. The Soviets experimented exten-
sively with enriching the alr blast with oxygen; some results from
Podmoskovia are presented here., Similar experiments at Lisichansk
showed significantly different product gas concentratlons, because
Meonditions of operation of the paslfication channels" were differ-
ont.'? One interesting point 4s that the €02/CO ratle did not change
slgnificantly with incrcasing oxygen conecentration in the blast.
$inee the combustion zone would be hotter with increased 02 concen-
tration in the blast, the insensitivity of the C02/CO ratlo would
have to be explained by reactlons taking place in the cooler zones
further downatream. The product gas composition is probably domi-
nated by the shift reaction, CO + 130 = COp + li3. This is consistent
with the increasing H2 concentration.
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Fig. 21.
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Plan of a2 shaftless generator for a plant in the Moscow region. The

following nince filgures will deal wilth the Soviet experience in
processing horizontal coal scams.
he Sovlet process. The dotted lines are meant to show the
location of the underground linkage channels [ormed in the coal by a
countercurrent combustion step in preparation for gaslfication. The
production phase of gasification 1s carrled out by cocurrent com—

n the channels. Cocurrent and countercurrent refer to the
nt prupagagfgg in the same or opposite direction as the gas

view of t

bustilion 1
flame fro
flow, res

pectlvely.
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Figo 22 .

2/3

Brown coal

w gf
e )
o ?.- . > (- Pilot hole sunk from foot of

e AP !/casing to within a few inches

- of the base of the seam

Arrangement at foot of borchules for air linkage in brown coal. For
horizontal coal beds it was important to complete and cement the
accoss pipes two-thirds of the way through the seam. This was done
to insure that the initial linkage channcl, formed by countercurrent
combustion, was conflned to the bottom of the seam. This was very
important, because the Sovlets found that only the coal above the
linkage channcl was consumed during the process.
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Future B line
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to A5 to link to A, 4,

Sraqe ITI
ink and induce fire zones
A 2-A.3,A,6- -A.5, A, 1-A,2, efc

*

_3*,_

4

This

Start drilling and linking line
Flre zones esfabllshed

Stage 1V
Inltial stapes of linkape and gasiflcatlon in brown coal.
figure presents the [irat sequencc of ateps using reverse combustion

B1-’$—-
BT, B.2, etc., to line 'A! holes, ll |l
A 4.1 _.ﬂ’l—--

For preparing 2 coal bed for smasifleation.®

Fig. 23




Stage V
Start gasification L.P. air
to A.1,A.2,etc,, gas from
B.1,B.2, etc,

Stage VI
Dnll hole in line 'C', link
to line 'B! progresswely
as gasification proceeds.

later
Supply air to 'B' line,
Ee gas from line,
(All 'A" holes capped,)

Mg, 24,

Concluding stages of linkage and gasification in brown coal.

\ rl
V.’ {Reaction zone -’ |\... - L
A - - R Y - A
Sl gl AolY Sl Ak -71—- A

L.P, air
H.P. alr
T_____ 5 Ete.
Gushl: ( 'l' ?— |— T
/| ‘.,S%—%:S{ / Drﬁlr
A lI . L _:Ee-u-cit’.r.\- zone) H

L.P, air

This

figure presents the simplest method of completing the preparation
and carrylng out the followlng cocurrent combustlon gasification.
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Stage V
After linking 'B' holes to 'A' proceed
to link 'C' holes to 'B' before starting
gasification,

Stage VI
Start gasification with L,P, air to 'A?
holes toking gas from 'C' holes, 'B!
holes being capped.

Stage VII
During stage VI link holes D1-D8 to
line 'C'. When ges from 'C!
deteriorates move air supply to 'B!
toles and draw gas from 'D' and 'A!
oles,

Later
When gas from 'A' holes becomes
unuscble, cap 'A' holes. Draw gas
from 'D' and prepare line 'E' efc,

Flg. 25,

‘-\;“d-qgi 1‘" T /|

——— — — . —,

175m - — — =

H.P. aiEc

+ AT
- Hr

Mo 'l i}

' ::—‘J'é..:.-‘»@'.._-.eu
Fire zones esrubhshed

Gas

R L

|.|/ All 'B' holes capped

n \-7? ?'\C At ,T‘If”"—*?'\:’
L;Zf:.éf- A

[VAILYC h qles capped I 'I\XF
R i,
I

" Low quality gas

Modified concluding stages for improved pasification in brown coal.

This figure presents an alternate, more complex, mode of carrying
out the cocurront combustion gasificatlon as well as further counter-

current combustlon linking.

In this case two qualitles of product

gas are produced, with the two being combined to pive an acceptable

quality gas.’
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Second line of directed
holes to the seam

First line of directed _
holes to the seam—

formed by
high=-pressure air

reaCt Vertical bore holes at
OV o about 50-m cen: These
Qo0 O are repeated on each line

of directed holes but have

First row of vertical bore been omitted for clarity

holes at 50=m cent with
intermediate holes as
required for linkage purposes

Fig. 26. Proposed method of development in the near-level seams at Kholmogorsk.
The Soviets used directional drilling as well as of countercurrent
combustion to establish a linkage path at the bottom of the coal
geam. This figure illustrates one such proposed system. However,
even though the Soviets did use directional drilling for this
purpose, it 1s not clear that they were ever ahle to achleve the
very long extcnsions of the holea along the bottom of the coal seam
that are shown in this figurc.5
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Tops of air injection bore holes second phase

Air injection main —Tops of air Injection bora holos third phaso

Gas contro| valves and
expansion loops

— Air control valves
and expansion loops

Gas main

a8
‘"._.-_30m -

T
s V?{? Gas main
. '9 -
I/ (’.4-
$y .- L The pieces blanked
», ;.:__:_'-3"!; 4

off ready for second-
phase gos connections

110 = 250 m

Gas removal bore holes

~~ Bore holas for both gas and
;.. air are drilled on the slope
*3zx- beyond the natural line of

Gasification zone Tz. draw of the overlying strate
Ash and debris in s
burned out zone Y

Seam thickness
4-24m

Fig. 27. Projected layout of borecholes at Angren to sult thick brown coal and
heavy subsldence. This figure shows how the drilling pattern and
operational method were modified to accommodate thick coal seams.
The primaxy problem to be solved was that with thick seams, the
pround subsidence had a tendency to shear off the access pipes pre-
maturely. To resolve this, two modifications were made. (1) A
lateral withdrawal/injection technique was developed.® 1In this
method, one of the two functions (gas withdrawal or injection) was
performed by a row of pipes along the side of the zone belng gasi-
fied. The remalning function was accompllshed with a rectangular
pattern of pipes entering the seam directly over the coal to be
gasificd. (2) Within the framework of this goneral pattern, all
pipes were drilled on a slant to keep them out of the subsidence
reglon during thelr functionlng lifetime. When pasiflecation is
carried oul in this manner it can be scen that the row of pipes
along the side of the zone belng gasifled 1s ncver affected by sub-
sidence, and the pipes in the pattern dircctly over the coal being
frasified are not affected until after they are no longer needed.
Therefore, with this deslgn one is never attempting to operate with
a pipe that has been exposed to any ground movement due to subsid-
ence, 8 This doslgn also has the addltlonal advantage of adding
a cross—flow componant to the gas flow which wlll help to recover
mounds of coal that might otherwlse be left botween channcls.

%
Lateral withdrawal/injcetion is complex, and no attempt to deseribe chils
procese willl be made here.
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Fig. 28, Change in the molsture content, wj heating value, Q; and losses of
the gns, A as a funcltion of the preasure, P, in the pas phase of the
gasificatlon chamnel, on the basls of operation of underground gas
gencrators at Podmoskovnaya atatilon. Cas loss data for the
Podmoskovnaya station are presented in this figure.lo At the usual
operating pressure {3 atm or less) the gas loss at Yuzhno-Abinsk was
about one~half and the loss at Angren7 about onc-third that at
Podmoskovnaya. Since the loss increascs as the square of the pres-
sure, a system should always be operated at the lowest possible
pressurc consistent with throughput. Thils was one of the more
important requlrements that necessitated the constructlion of the
highly permeable linkape channels in preparation for pasification.
If the channcls did not have a sufficlently high permeabllity, the
pressure required to achieve the necessary high pas flow rates would
rigse, and the resulting gas losses would increase. Operation at low
pressure has the additional advantage of being able to use relatively
inexpensive blowers to supply the air. The figurc also shows a
moderate improvement of the heating value of the gas with pressure.
This is easlly understood in teyms of the gas pressure reducing the
water [nflow rate, which 1s also shown.
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Fig. 29.
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Change iIn gas composition along the length of the gaslficatlion chan-
ncl. The gas compusitlon can change contlnuously as it progresses
along a channel. This figure shows composltion changes that were
frequently observed at Podnoskovia.!® Tt can be seen that C0y 1s
lormed early, CO is then formed by the roaduction of COs as well as
directly, and lIlnally the CO conceniratlon falls off while the Ho

and COy concentratlons build up. Tt is believed that this last stage
1s due primarily to the "shift" reaction, CO + L0 -» €Oz + lIa. 1t

is not gencrally desirable to allew this rcaction to take place since
it reduces the heating value of the product gas. The Soviets thought
that this reaction was catalyzed by materials in the ash and rock.
They also belleved It to be dependent on the coal type.7

Reactions apparently continue Lo take place all along the channal
length. At Angren the heating value increased with channel length

up to 250 m, the maximum used. This could only happen 1f the channel
remains relatively hot along its entire length. This hot channel is
a necessary, critlcal feature of the Soviet desipn in terms of con-
trolling the effacts of liquids. Largce amounts of liquids are
gencrated both from wator Intruslon from the surrounding formation

as well as from the pyrolysis of the coal. IF the liquids are
allowed to condense in the gasification channel, there would be more
than enough llquids to severely plug the channcl to gas flow.22 Tt
1# therefore essentlal to keep the lowest temperature in both the
channel and the exhaust pipe above the condensation temperature of
both the water and pyrolysis tars in the product gas., Some work by
the Soviets Indicates that this lowest permissible temperature is
approximately 150°C,!!
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Tig. 30,

Coal

A Char or ash Flow lines

Channel formation for cocurrent vs countcrcurrent burns. Some
foatures of the linking procedures will be discussed in the following
nine Figures. This figure is useful for explaining some of the
observed difforences between cocurrent and countercurrent burns.
Congider the idealized case presented In the figure where there is a
narrow, highly permeable channel of char or ash extending into a coal
seam with much lower permecabllity. Tf we were to draw flow lines

for such a medla, where flow is cither from A to C or C to A, it 1s
easy to see that they would converge at the tip of the channel such
that in the reglon from A to B, the majority of the gas flow would

be carried by the channel, and from B to C, the gas flow would
distribute more uniformly across the hed, independent of flow diree-
tion. TIf the coal 1s ignited in the channel in the region of B, and
1f the flow direetion is C to A (coumtercurrent combusiion), it can
be seen that the Flame front at the tilp of the chamnel, at B, will
seec a much larger supply of oxygen than the walls of the channel
further towards A. Thercfore, as the flame front at the tip pro-
gresses towards C, the oxygen-starved channel walls will not move

out signiflcantly. The result is that this form of countercurrent
combustion creates a channel with a relatively small and constant
dlameter. In contrast, if the flow direction is from A to ¢ (cocur-
ront: combustion), the chamnel walls will be exposed to a large flow
of oxygen, which will support combustion on the walls and thus
promote o wldening of the chanpnel. This 1s a simplifiled explanation
of why countercurrent burns form small dlameter channels, whlle the
following cocurrent burns are observed Lo progress with a relatively
broad front. Tn addition, a countercurrent burn 1s not subject to
plugging duc to coal swelling or the presence of a condensing liquild
front downstrcam from the flame front, whereas a cocurrent burn 1is
very vulnerable to such plugging. For these reasons, a countercur-
rent burn is ideally sulted for forming highly permeable channels in
a coal seam as a preparatory siep, but it can not be used for gasi-
Fication in the process phasc, since 1t resulta in very poor resource
utilization. In contrast, a cocurrent burn can not be used to form
initial pasification channels due to plugging, but it can be used in
the process phase becausc of its high resource use. Tharefore, in a
gaglfication process both countercurrent and cocurrent burns are usecd
with the countercurrent burn used to pre?are the bed, and the cocur-
rent burn to carry out the gasification. 0
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Fig. 31.
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Depandence of the roverse veloeilty of the combustlon Foecus on the
blast velocity for hard coal. Typlecal behavior of the veloclty of a
countercurrent combustlion vs blast velocity is shown in this figure.
It can be seen that there is an optlmum blast velocity whlch maxi-
mlzes the flame IMront velocity. The recason for such a maximum is as
follows: the flame front propagates against the gas flow because
coal upstream is heated to a flash point; 1t ignites and consumes
all the oxygen. Tt thus can leave hot, unconsumed coal behind down-—
stream by depriving it of oxygen. The heat conduction upsiream is
due to thermal conductivity In the coal, as well as radiation. This
heat conduction mechanism is competing with the convective heat
transfor due to the flowlng gas which moves heat downstream. This
directlonal competition of heat transfer, with one being coupled to
the blast velocity, results in an optimum blast veloclty that gives
a maxlmum countercurrent flame front velocity.1°
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Fig. 32. Change in the veloclty of the combustion Ffocus in the reverse diree-
tion, for an alr blast and a 98% 02 blast. The gasification channel
is in the form of a borehole in a block of Moscow coal. This [lgure
{llustrates the difference between alr and oxygen For carrying out a
counkercurrent combustion.'? It is clearly seen that the flame Lront
velocity is considerably higher if oxygen is used. This can be
understood in terms of the oxygen generating a hotter flame front
than air at the same flow rate, as well as the coal having a lower
ignition temperature in oxygen. However, the Soviets also found that
if oxygen 1s used for linking, the resulting channel had a much lower
overall conductivity to gas flow.2? 1In fact, the channel conductiv—
1ty was so small that it was not directly useable for the process.
Sometimes a chanmel burned countercurrently several times with oxygen
could be used, but it 1s not clear that this was an cconomical
approach. They foumd that air had approximaicly the optimum oxygen
concentration for making, with a single burn, a channel with sulflcient
permeability and an acceptable [lame front veloclty.
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¥ig. 33. Rate of linking as a functlon of rhe blast-injeection rate for wvarlous
coals, (1) From seam 13, Kamenskaya Podzemgaz station. {(2) From
seam V Vnutrennyl, Bunguro-Listvenskil area, Kuzbass. (3) ¥From seam
I Vnutrenayl, Bunguro-Listvenskii arca. (4) From seam IT Vnutrennyl,
Bunguro-Listvenckili. (5) Yrom seam lg, Lisichanskaya station. This
figurc illustrates the differences in countercurrent combustion
velocities for a variety of Soviet coals with air for blast.!®
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Change in the velocity of inverse linking and hlast consumption per
running meter of channel produced, as dependent on the linking
dlstance. This figure is iInteresting in that it shows that the
1inking rate and blast consumption per meter of linking are almost
independent of the distance between the pipes. This would infer a
confined gas—~tight zone during linking. This could have been due to
the surrounding coal being sealed by being saturated with water, and
the Formations bounding the coal being very impermeable. It also
indicates that subsidence cracks were not contributing to gas leak-
age, which might be cxpected since 1inking takes place in a zone of
coal where subsldence has not yet occurred.
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Change In the characteristic parameters of channeling by burn-through
with the use of the permcability of the coal scam, Iodmoskovnaya
station. The most Important feature of this figure is that the
Soviets i1mproved thelr linking rechnique over these vears. This was
accomplished by using the dlirectional permcabllity of the coal; by
using a constant blast input rate, Instead of a constant blast input
pressure; by better shaping of the linking faces of thoe boresholes;

by linking in the dircction of the Injectlon holes, Instead of In

the dlrcction of the gas removal holes; and by linking many parallel
hole palrs simultaneously.
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Flg. 36. Sketeh of drlll rig for inclined, directod boreholes. In addition
to countercurrent combustion, the Soviets tested directional drill-
ing,  hydrofracking and clectrolinking as methods to ecstablish the
1linking channels. They had favoxable resulls under differont con-—
ditions with cach of these technlques. Illowever, only directional
drilling will be covered bricfly here. Thls figurc 1llustrates one
of thelr directional drilling rigs developed For thia purpose.
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1. The earliest work involved watching drill chips, calculating, and cementing,
2, Later work used a magnitometer and down-hole motor for cantinuous operation,

3. The best system used shielded Geiger counters to observe gama acfivity,
(Rocks were more gama active than coal.,)

4. The Polish invented an 0, lance which automaticelly stayed in coal seam.
A. It used airat 1,2 to 2,5 atm,
B. It drilled a hole 22 cm in diameter and progressed 11 m/day.,

5. The British used Hg manometers,

¥ig. 37. Outline of Soviet direetional drilling. This figure presents an
outllne of some of the Soviet technlques used to sense the location
of a drill bit in coal. This 1s erliical to carrying out dilrectional
drilling in a coal seam,5*!9>2%727
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Mg, 38, Schome for lowering the level of underground water. The Soviets

frequently attemptcd to dewater the coal before or during gasifica-
tion. When they did so, they attempted to draw the local water
table down approximately 1 m below the hottom of the coal seam.
This was done primarily to reduce the water intrusion rate into the
gaslfication zone and thus improve the heating value of the product
gas, lowever, this might also be done to help keep a linking chan-
nel, created by countercurrent combustion, close to the bottom of
the coal seam. Water intrusion during linking would tend to causc
such channels to bow up and overrlde some coal between the two
aceess pilpes.!
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Fig . 39,

Conceptual view of a channel during gasification. This Ilgure
illuatrates how we envision the tip of one of the channels during
gasification in a thick coal seam. An cssential. [eature is that as
coal 1s consumed (inltilally at the bottom of the seam because of the
placement of the linklng channel) more cval Falls Into the void
created. Thls creates a high-surface-area packed bed at the tilp of
cach chaunel, the reduction zone. Such a zone is highly reactive
and is8 responslble for the uniform quality of product gas. These
zones are much longer than those in surface reactors due to the
nonund form nature of the packed bed., IFurther upstream, the channel
may widcen to many times the coal seam thickneds, and this mechanlsm
of coal falling into the void will no longer be as important. Also,
a sampling of gas upstxcam, in the oxidation zone, would show low
heating valucs. lowever, as long as the tip of each channcl is
comprised of a hot, highly reactive #onc of coal rubble through
which all the hot gasses must flow, this zone will insure that the
product gas will have a high heating value that is uniForm with time.
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Seam width, h
Station @ (m)
Luka 9 2~4
Lisichansk 9 {air blast) 1-3
19 (oxygen-enriched 1-3
blast)
Yazhno=Abinsk 7 2
4 8
British P=5 24 0.6-0,8
experiment
(Neuman Spinney)

vig. 40.

The eritlcal channel width. If we imagine a channel. that 1s extended
indefinitely with sequentially drilled holes and operated for a long
period of time, it is lmportant to know how wlde the channcl will
grow. This will determine the maximum initial hole spacing allowable
for 100Z resource recovery. With a little thought, we can conclude
that the chammel wlll reach a stable wildth and grow no further. This
is because of the fact that as the channel grows in width, the trams-
fer ratc of oxygen to the combusting coal faces diminishes while the
conductive and radlative heat losses [rom the faces remain constant or
inerease. At a particular width (the critical chamel wildth) it 38 no
longer possible to sustain combustion on the faces, and the channel
ceases to wlden. The value of the eritical width will clearly be
affected by the permeability dlstrlbutlon in the chamncl after root
subsldence. This figure presents the critical channel widths for the
Soviet gasificatlion stations as well as For the British experiment at
Neuman Spimmey. (Note that the eritical channel width, Wer, can be
cxpressed as a constanl, G, tlmes the seam width, h. Wer = ch.) It
can be scen that with alr as a blast, the ceritical channel width is
usually 5 to 10 times the scan thickness, and this can be increased
by enriching the blast with oxygen. The Rritlsh went to 25 tilmes

the scam thickness with some successg but did leave a considerable
amowmt of coal between the channels. 1712
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Fig. 41. Change of the amount of gas during operation with and without blast,

gas gencrator No. 1, Gorlovskaya station., The prlmary point of this
figure 1s to show that in some cases an in aiiu coal gasification
station can be turned on and off over a period of a few hours. This
might make it useful for an intermediate load clectrlcal gencration
sydtem. The figure also shows that during gaslficatlion with air,
the product gas 1s the typical low Btu gas obtalned with an ailr
blast. lowever, if the air i3 turned off, we obtaln, for a while,
pyrolysis gas (methane, hydropen, ete, and no niltrogen), a pgas
composition that has a much higher heating value,
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Calculated change in the cost of 1 Mcal in the gas at place of pro-
duction for Kuzhass condltions as a funetlon of the power of the
Todzemgaz statlon., This figure presents typical cconomie calcula-
t1ons'? made on underground coal gaslflcation in the USSR. AllL such
puhlished calculations we found showed that underground gasificatlon
above a certain production rate was more than competltive with other
means of extracting coal. llowever, all such calculatlons®!*29723

are suspcct In terms of being sable to transfer them into our economic
system, especlally taking into account improved technology in all
fields of coal extraction.
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